INTRODUCTION
The disease-modifying antirheumatic drug (DMARD) methotrexate (MTX) is a cornerstone of rheumatoid arthritis (RA) treatment, improving outcomes in many patients. 1 However, even with optimal dosing only around 50% of patients respond adequately to MTX. 2 3 Janus kinase ( JAK) inhibitors are low molecular weight, orally available products that can impact intracellular molecules involved in the signalling of various cytokines, growth factors and hormones, such as pro-inflammatory cytokine interleukin-6. 4 The JAK1/JAK3, JAK2 inhibitor tofacitinib has been approved by the Food and Drug Administration for second-line use after MTX in patients with moderately to severely active RA. 5 A number of other JAK inhibitors are currently in development for the management of RA, with differing in vitro specificities towards the various members of the JAK family. 6 Filgotinib (GLPG0634/GS-6034) is a potent and selective inhibitor of JAK1, 7 which is currently under investigation for the treatment of RA and inflammatory bowel disease. [7] [8] [9] [10] The efficacy and safety of filgotinib in patients with RA has previously been investigated in two short-term phase IIa studies, as add-on treatment to MTX, which suggested that filgotinib has the potential to be effective when administered as a once-daily dosing regimen. [11] [12] [13] In pharmacokinetic-pharmacodynamic studies, filgotinib was shown to have a terminal half-life (t 1/2 ) of 5-11 hours with an active metabolite that has a t 1/2 of 21-27 hours; both moieties contribute to the pharmacodynamic effects and together provide a relatively long duration of JAK1 inhibition, 10 supporting further investigation of a once-daily dosing regimen.
The DARWIN 2 study reported here was conducted to evaluate the efficacy and safety of varying once-daily doses of filgotinib, administered as monotherapy in patients with moderately to severely active RA, who had an inadequate response to previous MTX treatment.
METHODS

Study design and treatments
This was a 24-week, multicentre, randomised, double-blind, phase IIb, dose-finding study of orally administered filgotinib as monotherapy (ClinicalTrials.gov identifier: NCT01894516). The study was conducted at 59 centres in 18 countries (Argentina, Austria, Bulgaria, Chile, Columbia, Germany, Guatemala, Hungary, Latvia, Mexico, Moldova, New Zealand, Poland, Romania, Russian Federation, Spain, Ukraine and the USA) across four predefined geographic regions. Eligible patients were randomly assigned to treatment using a computerised interactive voice and web response system (IXRS) (S-Clinica, 6, Chaussée de Boondael, 1050 Brussels, Belgium), to receive placebo or 1 of 3 filgotinib regimens (50, 100 or 200 mg), each as two capsules administered once daily in the morning), in a 1:1:1:1 ratio, stratified by region and previous use of biological DMARDs (bDMARDs) . At each study visit, numbered kits containing medication were dispensed via the IXRS system. Patients, investigators, study coordinators, the sponsor and study team were blinded to treatment assignment. At week 12, all patients in the placebo group, and patients in the filgotinib 50 mg group who had not achieved at least a 20% improvement in swollen joint count based on 66 joints (SJC66) and tender joint count based on 68 joints (TJC68), were reassigned to receive filgotinib 100 mg and continued on this dose until week 24.
The study was conducted in accordance with the ethical principles based on the Declaration of Helsinki, Good Clinical Practice, International Council for Harmonisation guidelines and all applicable national and local laws and regulatory requirements.
Patients
Enrolled patients were ≥18 years of age with a diagnosis of RA for ≥6 months prior to screening and met the 2010 American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) criteria for RA and ACR functional class I-III, had ≥6/SJC66 and ≥8/TJC68, a screening serum C reactive protein (CRP) ≥0.7×upper limit of laboratory normal range (ULN) (changed in May 2014 from 1.5×ULN to facilitate recruitment), had shown an inadequate response to MTX (in the opinion of the treating physician) and agreed to be washed out from MTX for ≥4 weeks before or during screening. Patients receiving oral glucocorticoids (≤10 mg/day) or nonsteroidal anti-inflammatory drugs were on a stable dose for ≥4 and ≥2 weeks, respectively, prior to baseline. Enrolled patients were also required to be using a medically acceptable means of contraception. Details of laboratory-defined inclusion criteria are listed in the online supplementary materials.
Patients were excluded if they were receiving current therapy with any DMARD (with the exception of antimalarials), or had previous RA treatment with a bDMARD. The only exception to this was if the biological agent had been received in a single clinical study more than 6 months prior to enrolment and if the drug had been effective. Patients were also excluded if they had ever used any kind of JAK inhibitor, had previously used a cytotoxic agent other than MTX or had received intra-articular or parenteral corticosteroid injection within 4 weeks of screening. Patients who were pregnant were excluded, as were patients who were immunocompromised and, in the opinion of the investigator, participation in the study would pose an unacceptable risk. Further details of the exclusion criteria, including a list of infections that precluded enrolment in the study, are listed in the online supplementary materials. All patients provided written informed consent prior to study participation.
Outcomes and assessments
Efficacy and disease activity assessments were performed at screening ( joint counts and Patient's Global Assessment of Disease Activity), baseline and at weeks 1, 2, 4, 8, 12, 16, 20 and 24. The primary efficacy end point was the percentage of patients achieving an ACR20 response at week 12. Key secondary end points were the percentages of patients achieving ACR20, ACR50, ACR70 and ACR-N responses, Disease Activity Score based on 28 joints and CRP value (DAS28 (CRP)), including remission and Low Disease Activity (LDA)/remission), EULAR response, ACR/EULAR remission, Clinical Disease Activity Index (CDAI) and Simplified Disease Activity Index (SDAI) compared with placebo at every visit from baseline to week 24. Health-related quality of life (HRQoL) was assessed with the Health Assessment Questionnaire-Disability Index up to week 24.
Safety variables included adverse events (AEs) throughout the study period; vital signs (at each visit); physical examinations (at screening, baseline, week 12 and week 24) and 12-lead ECG (at screening, week 12 and week 24). Haematology and clinical chemistry laboratory assessments were performed at each visit. The National Institutes of Health Common Terminology Criteria for Adverse Events (CTCAE) V.3.0 was used to describe laboratory changes during the study.
Sample sizes and statistical analyses
All randomised patients who received at least one dose of study drug were included in the intent-to-treat (ITT) and safety populations. All patients in the placebo group and patients who were considered non-responders on filgotinib 50 mg once daily and were switched to 100 mg once daily at week 12, were handled as discontinuations and data were imputed from week 12 onwards. Efficacy data were analysed using non-responder imputation (NRI) for the ITT population and confirmed using last observation carried forward (LOCF) and observed case imputations in the ITT population, and NRI and LOCF imputations in the per-protocol population.
The primary analysis was conducted using a logistic regression model including treatment, region and previous use of bDMARDs as covariates. Continuous parameters were analysed using analysis of covariance. Time-to-first response (ACR20/50/ 70) was analysed using Kaplan-Meier survival techniques, with treatment groups compared with placebo using a Cox proportional hazard regression model. Treatment versus placebo comparisons were carried out for each dose group using Hommel's closed-testing correction procedure to adjust for multiplicity.
For the safety analysis, two periods were analysed: the period up to week 12 including the four original groups, and the full 24-week period including five treatment groups (two switched groups and three continued groups).
A sample size of 280 patients (70 patients in each arm) was estimated to provide 90% power to detect a minimum 28%-30% treatment effect versus placebo, assuming a 15%-40% placebo ACR20 response at week 12.
RESULTS
The study was initiated in October 2013 and completed in May 2015. Of the 625 patients screened, 287 were randomised to receive treatment, and 283 received at least one dose of study drug and were included in the ITT and safety populations (figure 1). At week 12, all patients in the placebo group (n=65) and 15 non-responding patients in the filgotinib 50 mg group were re-allocated to filgotinib 100 mg. The overall treatment discontinuation rate was low (n=26, 9.2%) and there were no significant differences in discontinuation rate between filgotinib and placebo groups, with no dose-response relationship apparent with respect to discontinuation rates. Demographic and baseline disease characteristics were well balanced between the different treatment groups (table 1), apart from a numerically higher mean CRP in the placebo group (not statistically significant, p=0.0865). Overall, 167/283 (59%) patients received concomitant systemic corticosteroid treatment and 12/283 (4.2%) patients received concomitant antimalarial treatment during the study.
Efficacy
Primary efficacy analysis
The primary end point of the study was met: at week 12, a statistically significantly higher proportion of patients in all the filgotinib treatment groups (50 mg, 67% (48/72); 100 mg, 66% (46/ 70); 200 mg, 73% (50/69)) achieved an ACR20 response compared with placebo (29% (21/72)) (all p<0.0001; figure 2A ). Raw ACR20 data for each time point are presented in online supplementary table S1.
Secondary efficacy analyses
At week 12, a statistically significantly greater proportion of patients had an ACR50 response in all filgotinib dose groups compared with placebo ( p<0.05; figure 2B ). In the 100 and 200 mg groups, patients were more likely to achieve ACR70 compared with placebo ( figure 2C ). These responses persisted (ACR50) or even improved (ACR70) up to week 24. The ACR20 response appeared to plateau around week 8 and was maintained throughout the rest of the study to week 24 ( figure 2A ).
An early onset of response was observed for ACR20 (statistically significantly higher at week 1 in the filgotinib 200 mg group figure 2A), ACR50 (from week 2 in the filgotinib 200 mg oncedaily dose group) and ACR70 (week 4 in the filgotinib 200 mg once-daily dose group). Patients randomised to placebo and those on filgotinib 50 mg who were considered non-responders and were switched to filgotinib 100 mg at week 12 showed increased ACR20/50/70 responses at week 24, similar to the week 12 responses seen in patients randomised to receive filgotinib 100 mg from baseline (see online supplementary figure S1).
At week 12, there was a significantly greater mean decrease in DAS28 (CRP) for all filgotinib groups, compared with placebo, which was maintained in the 50 mg dose group and showed a small improvement in the higher dose groups at week 24 ( figure 2D ). These improvements in DAS28 (CRP) versus placebo were evident at week 1 in all filgotinib groups. A similar pattern in terms of disease activity was observed for CDAI (figure 2E). Improvements in HRQoL were noted as early as week 2 for the filgotinib 200 mg group; by week 12, significant improvements from baseline were noted in all active treatment groups (figure 2F). Raw data for each of the secondary efficacy end points illustrated in figure 2 are presented in online supplementary table S1.
There were trends in favour of the active treatment across various definitions of disease remission and responses to treatment; statistical significance versus placebo was observed at week 12 for all filgotinib dose groups for ACR-N, DAS28 (CRP) EULAR 'good' responses and SDAI (table 2). Higher doses of filgotinib were generally associated with the most substantial reductions in disease activity and the highest disease remission rates (table 2) .
There were too few patients in each dose group who had previously received and responded to a biological agent to make valid comparisons of the efficacy of filgotinib in this patient population, versus patients who were naïve to biological treatments.
Safety
Adverse events
Treatment-emergent AEs (TEAEs) were reported at similar frequencies across all groups from baseline to week 12 (the period during which placebo could be compared directly with active treatment) and to week 24 (table 3) . Of nine serious TEAEs occurring up to week 24, there were four serious infections. Overall, three serious TEAEs occurred in the filgotinib 200 mg group (back pain, osteoarthritis, pneumonia), two occurred in the filgotinib 100 mg group (cellulitis, vertigo), two in the filgotinib 50 mg group (gastroenteritis, humerus fracture) and two in the placebo group (RA worsening ( prior to switching treatment), and chronic pyelonephritis) (table 3) . A greater proportion of TEAEs were considered related to study treatment in the filgotinib groups compared with placebo (table 3) . Occurrences of TEAEs leading to discontinuation were similarly rare in all treatment groups, with a greater proportion of TEAEs leading to discontinuations in the placebo group (table 3) . There was one case of herpes zoster during the study, which occurred during weeks 12-24 of the study in a patient receiving filgotinib 50 mg once daily; the infection resolved after 10 days. No cases of TB, opportunistic infections, lymphoma or cancer were reported throughout the 24-week treatment period.
Haematology
Up to week 12, increases in mean haemoglobin concentrations were observed in the filgotinib 100 and 200 mg groups (up to 0.39 g/dL, a 3.4% increase in the 200 mg group). These remained stable to week 24. In patients who were switched to filgotinib 100 mg at week 12, there were increases in mean haemoglobin concentration between weeks 12 and 24 (table 4, see online supplementary figure S2). Decreases in mean neutrophil counts were seen in filgotinib groups through to week 4 that appeared to plateau thereafter and remained stable until week 24, with the exception of an overall decrease to week 24 in patients who were switched from filgotinib 50 to 100 mg (see online supplementary figure S2). Two patients experienced CTCAE grade 3 abnormally low neutrophil counts during filgotinib treatment (neither with concomitant infections); both continued their filgotinib treatment. Overall, more increases than decreases were observed in mean absolute lymphocyte counts, and there were no apparent correlations between treatment groups and mean lymphocyte counts over time (table 4) . There were no decreases from baseline in lymphocyte subsets, including mean natural killer (NK) cell counts. Three patients on filgotinib treatment experienced CTCAE grade 3 abnormally low lymphocyte counts (table 3) . One patient had an abnormally low lymphocyte count at baseline and the other two had a coinciding mild infection (urinary tract and pharyngitis). Five patients discontinued the study due to lymphopenia (two subjects receiving placebo and three subjects receiving filgotinib), as per protocol stopping rule of precautionary discontinuation for two sequential lymphocyte counts <0.75×10 9 cells/L. Absolute platelet counts decreased in all filgotinib groups by week 4, but thereafter the counts remained stable up to week 24 (decreases from baseline of 44.7 and 22.3 ×10 9 /L, respectively, in the filgotinib 100 and 200 mg groups) (table 4). 
Clinical chemistry
Up to week 4, dose-dependent increases were observed in mean creatinine concentrations with filgotinib (see online supplementary figure S2); these subsequently plateaued in the filgotinib 100 and 200 mg groups and remained stable until week 24, with overall increases of up to 3.5 μmol/L in the filgotinib 200 mg group. Mean lipase concentrations remained stable throughout the study in all treatment groups, although for the filgotinib 200 mg group a small increase from baseline was observed in mean concentrations at all time points (increase of 2.9 U/L from 26.4 U/L at baseline in the filgotinib 200 mg oncedaily group as of week 24). Mean alanine transaminase (ALT) and aspartate transaminase (AST) concentrations remained stable throughout the study in all treatment groups (table 4) with the exception of two high values (one in the continued filgotinib 100 mg group and one in the group switching from placebo to filgotinib 100 mg) (data not shown). One patient in the filgotinib 200 mg group had a CTCAE grade 3 abnormally high total cholesterol value. One patient had CTCAE grade 3 increases in both ALT and AST, one patient had a CTCAE grade 3 increase in AST (table 3) ; no patients discontinued their study treatment because of ALT or AST elevations. Mean levels of total cholesterol, high-density lipoprotein (HDL) and lowdensity lipoprotein (LDL) cholesterol increased in the filgotinib (7) 8 (11) figure S2 ). The LDL:HDL ratio fell slightly over the study period indicating that proportional increases in HDL cholesterol were greater than those in LDL cholesterol. There were increases in mean triglycerides in filgotinib groups with no apparent dose relationship (data not shown).
DISCUSSION
In this study, clinical efficacy in patients treated with filgotinib monotherapy provided statistically significant, dose-dependent improvements in the signs and symptoms of active RA, and clinical improvements were evident soon after active treatment had begun. Clinical improvements were paralleled by rapid improvements in HRQoL. Consistent with previous studies, 13 filgotinib was well tolerated at all the doses evaluated, with similar proportions of patients experiencing TEAEs in the placebo and filgotinib treatment groups. Serious AEs and those leading to study discontinuation were relatively low: of the 283 patients treated overall in this study, 9 had a serious TEAE (8 receiving filgotinib) and 11 subjects had ≥1 TEAE leading to permanent study discontinuation. There were four serious infections occurring in subjects receiving filgotinib and this risk warrants further evaluation in future clinical trials. Increases in mean haemoglobin were observed in filgotinib treatment groups, along with reductions in neutrophils, but these were mostly considered by investigators as without clinical consequence and did not lead to study discontinuation. In agreement with the short-term phase IIa studies of filgotinib, no reduction in lymphocyte or NK cell counts was observed 8 and a small decline in platelet counts plateaued at week 4 but remained stable thereafter. Although small (up to 3.5 μmol/L in the highest dose group) increases in creatinine were observed with filgotinib, effects on the liver were minimal. AST and ALT levels were stable throughout the study. In line with other studies, increases in both HDL and LDL cholesterol were seen with filgotinib treatment, however, the LDL:HDL ratio fell during the study, thereby indicating greater increases in HDL compared with LDL. Throughout the study, CTCAE grade 3 or 4 laboratory abnormalities were infrequent (11 events reported overall), and in most cases did not lead to study discontinuation.
Among the limitations of the study, the duration of the placebo control period was only 12 weeks because of the ethical implications inherent in continuing patients with active RA on placebo for a longer duration. As the therapeutic options of RA continue to evolve, from an ethical perspective, future studies would ideally use an active comparator instead of placebo to evaluate the efficacy and safety of novel compounds, such that no patient with moderately to severely active RA is left without potentially efficacious medication. Although the placebo period ended at 12 weeks, the study remained double blind to dose through to 24 weeks. The relatively short (24 weeks) duration of the study also limits interpretation of side effects. Radiographic assessments were not included in the study design, so the impact of filgotinib on the physical structure of bones and joints could not be evaluated. In conclusion, the results of this phase IIb study of filgotinib without background MTX treatment demonstrate improvements in the signs and symptoms of active RA, with an early onset, sustained effect and an acceptable safety 1 (2) 1 (1) 1 (1) 1 ( †Patients in the placebo group, and patients without an ACR20 response in the 50 mg filgotinib group, were switched to the 100 mg dose at week 12. ‡Four serious infections: one in the filgotinib 200 mg group (pneumonia), one in the filgotinib 100 mg group (cellulitis), one in the filgotinib 50 mg group (gastroenteritis) and one in the group that was switched from placebo to filgotinib 100 mg (chronic pyelonephritis).
profile. These encouraging data support the future development of filgotinib monotherapy for treatment of patients who have had an inadequate response to MTX treatment. 
